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Aim: The main purpose of this research was to study and contribute to an accurate test of spastic limb.  
The intra, inter rater reliability of the test was examined. 

Method: The present study was carried out in two parts; In the first part of the study, the modified 
Ashworth Scale with Intermediate Scores (ASIS) was studied. During the second part of the study the 
intra, inter rater reliability of the ASIS were evaluated.  Twenty cerebral palsy individuals who had 
spasticity on their knee flexors , eleven  males and nine females, recruited in the study, their mean age 
was 25.4  (range from 18 to 35 years of age). The limbs were tested according to the ASIS.  The same 
subjects were measured twice during a week period by each tester.   

Results:  According to the first part of the study intermediate scores were added to the modified 
Ashworth scale. In the second part of the study inter operators and intra operators’ reliability of the ASIS 
were analyzed. Pearson's correlations coefficient were 0.78 and 0.89 for intra rater reliability and 0.46 and 
0.53 for inter rater reliability. 

Conclusion: It appears that the Modified Ashworth Scale would be more sensitive if an intermediate 
score was added to each score (2-4). It was concluded that the intra rater reliability of ASIS 
measurements was high and the inter rater reliability of ASIS measurements was low. 
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Introduction  
Many investigators have studied and developed 
different methods of assessment of spasticity and 
spastic limbs (1, 2, and 3). 
Ashworth (4) employed a scale for the grading of 
spasticity in the evaluation of MS patients. The 
grading was from 0 (no increase in tone) to 4 (limb 
rigid in flexion and extension). 
Bohannon and Smith added an additional grading to 
the Ashworth scale and evaluated inter-rater 
reliability of the spasticity scores on the elbow 
flexors and reported high reliability between two 
testers (5).  
The reliability of Ashworth scale was evaluated by a 
number of investigators and they reported a variety 
results: 
A number of investigators found it is a reliable scale, 
specially on the elbow(5,6). Nuyens and colleages 
studied the Ashworth scale and reported that 
interrater reliability is varies in different muscle 

groups, but intra rater reliability is good for all of the 
muscle groups (7). In a study Benz and co-workers 
compared the Ashworth scale with an other method 
of assessment of spasticity (SCATS) on spinal cord 
subjects and reported the SCATS scores corrolated 
significantly with some of the Ashworth scores (8) .  
Zajicek and co-workers suggested that while 
Ashworth scale is the best available measure of 
spasticity, it may not be sensitive enough to identify 
small but clinically significant changes (9).  Allison 
and colleages found the scale is less reliable (10). 
Johnson proposed that the scale needed to be more 
accurate (1) and Pandyan and co-workers and 
Fleuren suggested that the modified Ashworth scale 
does not provide a valid measure of spasticity (11, 
12).  However, investigators widely used the scale 
for evaluation of spasticity, because it is an available 
and simple clinical measure of tone, (13, 14, 15).  
Deglado and co-workers proposed a number of tools 
for assessment of spasticity including Tardieu scale 
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and recommended that  Tardieu scale is a proper 
tools for evaluation of spasticity (16). However, 
there is a shortage of literature investigating validity 
and reliability of the scale (17).    
Some of investigators employed elctrodiagnosis 
technique for measurement of spasticity, but this 
technique can be used only for individual muscle or 
local measurements (18).  Also an assessment 
method has been suggested for disabled people with 
spastic limbs (2). This method is used for sport and 
functional classification.  The majority of the 
spasticity scales are based on assessment of 
resistance during passive movement, Rekand (19).  
But still there is a gap and a need for an accurate and 
reliable method. 
The Ashworth scale with intermediate scores (ASIS) 
described in our study requires to be examined 
further in different movements for its sensibility and 
reliability for the measurement of spasticity. 
The study was designed to contribute to an accurate 
and simple test of spastic limb.  The intra, inter rater 
reliability of the test was examined. 
  
Method 
The present study was carried out in two parts. 
In the first part of the study, forty six cerebral palsy 
candidates with spastic limbs 26 males and 20 
females participated in the study.  
The spastic lower limbs were tested according to the 
modified Ashworth scale.  In total 5 tests were used 
on each subject during a five-week period (one test 
each week).  During the five weeks the subjects 
were under a rehabilitation programme. 
The tests were carried out by the two experienced 
therapists.  Each test was carried out once.  
As far as possible all tests on each patients were 
carried out at the same time of the day and in the 
same place. It was asked the patients to empty their 
bladder befor each test and the same positions were 
used during all tests. 
For testing, the patient was positioned comfortably 
in the supine position on a padded mat table while 
the leg was grasped distally and the thigh was 
stabilised proximal to the knee. The knee was 
extended passively and for measurement of 
spasticity the patient’s knee was extended from a 
position of flexion to full extension over a duration 
of about one second.   
During a treatment programme tests using tone 
scores (0-4), in some cases there was a gap between 
two grades during clinical testing (e.g. between 3 
and 4). During the repeated tests in some patients it 

appeared that although an alteration of spasticity was 
felt during assessment using the modified Ashworth 
scale, this alteration was not actually equal to one 
score, in this case an intermediate score was used for 
analysis.  For example when spasticity during pretest 
(week 1) was 4 and during post test (week 5) it 
appeared less than 4 but not exactly 3, the score was 
recorded as 3+.  
At the end of the programme each (+) was recorded 
as 0.5 and in case of the above example the score for 
analysis would be 3.5.  
The description of each score has been shown in 
Table 1. Attention was paid on deformity during 
tasks on each score. 
 
Table 1. ASIS scores, based on Modified Ashworth 
Scale for grading spasticity  (Wade DT, (1992), In: 
Measurement in Neurological Rehabilitation) 
 

Grade  Discription 
2.5 affected part (s) easily moved, with minor 

deformity in the limb during task 
3+ Considerable increase in muscle tone, passive 

movement difficult, with sever deformity in 
the limb during task 

 

The second part of the study 
During the second main part of the study the intra, 
inter rater reliability of the tests were examined. 
Twenty cerebral palsy individuals who had spasticity 
on their knee flexors, eleven males and nine females 
were participated in the study. Their mean age was 
25.4  (range from 18 to 35 years of age).   
 

The assessment tools  
Each subject was examined by the two independent 
therapists.  Both therapists had five years clinical 
experience.  Each measurement was carried out 
once. The two therapists were blind to the results of 
each other’s tests and also  blind to their own first 
and second tests and there was no decision of results 
by therapists until the full list of all measurements 
were completed.  
Each subject was individually assessed by the 
therapists.  Therapists measured the subjects in 
random order at each session.  Each test was recorded 
on a separate sheet of papers. 
Each of the therapists collected two sets of 
measurements from the involved subjects.  The 
measurements were carried out for the second time 
within a week of the first measurements in all 
persons. The therapists followed specific directions 
that defined according to the following procedures; 
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Correlations

1.000 .899** .533* .464*
. .000 .015 .039

20 20 20 20
.899** 1.000 .621** .519*
.000 . .003 .019

20 20 20 20
.533* .621** 1.000 .788**
.015 .003 . .000

20 20 20 20
.464* .519* .788** 1.000
.039 .019 .000 .

20 20 20 20

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

OPA1

OPA2

OPB1

OPB2

OPA1 OPA2 OPB1 OPB2

Correlation is significant at the 0.01 level (2-tailed).**. 

Correlation is significant at the 0.05 level (2-tailed).*. 

The tests' procedure was based on the first part of 
the study.  
Following data collection, descriptive statistics were 
completed for the subjects and the two 
measurements. The inter-raters and intra-rater 
reliability were investigated. Correlation between 
the two measurements were calculated. 
Analysis was used to determine differences of the 
ASIS scores carried out by the two therapists. 
Furthermore, Statistic calculations were performed 
using SPSS. 
 
Results 
The description of each score during the first part of 
the study has been shown in Table 2. 
The total numbers of tests carried out during 5 
weeks on 46 subjects were 230 tests and the number 
of intermediate scores recorded for subjects were 99. 
The intermediate scores were 43.04 % as a percent 
of the total tests, Table 2. 
 
Table 2. This table shows the total tests number using 
ASIS during each week, the number of intermediate 
scores recorded for subjects, percent of intermediate 
scores respectively when compared with the total tests 
number during each week.  
  

 Week 1 Week 2 Week 3 Week 4 Week 5 
The number 

of tests 
46 46 46 46 46 

Intermediate 16 
(34.8%) 

18 
(39.1%)

26 
(56.5%) 

25 
(54.3%)

14 
Scores 

(30.4%) 
Using the analysis of data, estimates of inter-
operators and intra-operator reliability were obtained 

 
Table 3. The results of the two sets of measurements 
by the two operators 

No Opa1 Opa2 Opb1 Opb2 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

2.00 
2.50 
3.00 
3.00 
3.50 
3.50 
4.00 
4.00 
2.50 
2.00 
2.00 
2.50 
3.00 
4.00 
2.00 
2.00 
3.50 
3.00 
2.00 
2.50 

2.00 
2.00 
2.50 
3.00 
3.50 
4.00 
4.00 
4.00 
2.50 
2.00 
2.00 
2.50 
3.00 
3.50 
2.00 
2.00 
3.50 
4.00 
2.50 
2.50 

3.00 
2.50 
3.00 
2.50 
2.50 
3.50 
3.00 
3.50 
3.50 
2.50 
2.50 
3.00 
3.00 
3.50 
2.00 
2.50 
3.00 
3.50 
3.00 
3.00 

3.00 
3.00 
2.00 
2.50 
2.50 
3.00 
3.00 
3.50 
3.50 
2.50 
2.50 
3.00 
3.00 
3.50 
2.00 
2.50 
3.00 
3.50 
2.50 
3.00 

 
The Pearson's correlation coefficient of intra 
operators was high for the raters and Pearson’s 
correlation coefficient of inter operators was 
moderate Table 4.  The paired t-test of the two 
operators showed no significant differences over the 
two measurement repetitions (P<0.05) and the t-test 
of the two operators showed no significant 
differences between the operators as well (P<0.05). 

 

Table 4. The Pearson's correlation coefficient of intra and inter operators 
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Discussion 
The intra rater reliability of ASIS measurements was 
found to be high with no significant differences 
between different test of each operator (P<0.05).  
The Pearson's correlation coefficient of inter raters 
was low.  
The first part of the study provided the greater 
understanding of grading spasticity.  
The classification is considered as follow and the 
immediate goals of this classification are accurate 
distinction of spasticity categorization.    
It is noted that spasticity may affects muscle 
elasticity and muscle mechanical properties (20). It 
is important to observe how much of the deformity 
is appeared during the activity of the patient. In 
addition; the level of spasticity was effective in the 
level of deformity (2) and therefore severity of 
deformity was added to the classification.   
The results of our study indicated that the Modified 
Ashworth Scale would be more sensitive if an 
intermediate score was added to each score (2-4). 
The present study included patients with a range of 
mobility and spasticity.  It seems that this is a 

potential strength for the study. The present study 
suggested that ASIS is more accurate if performed 
by a single tester. The scale could apply on fixed 
muscle shortening (contracture) with a caution 
because there is a loss of sarcomeres and increasing 
passive resistance on the involved muscles (1). 
Finally it is concluded that the ASIS is sufficient for 
practical work in patients with spasticity. 
 
Conclusion 
It appears that the Modified Ashworth Scale would 
be more sensitive if an intermediate score was added 
to each score (2-4). It is concluded that the intra rater 
reliability of ASIS measurements was found to be 
high and the inter rater reliability of ASIS 
measurements was found to be moderate . 
 
Acknowledgemnt 
In preparation of this paper we wish to acknowledge 
from with grateful appreciation the mang services 
provided by the School of Rehabilitation, Semnan 
University of Medical Sciences, and also all staff of 
Rehabilitation Center of 12 Azar, Semnan, Iran.   

 
References 
1- Johnson GR, Outcome measure of spasticity, European 

Journal of Neurology. 2002; 9 (sppl…1): P.10-16. 
2- Khalili MA, Quantity Sport and functional classification 

(QSFC) on disabled with spasticity, Br. J. of Sport Med. 
2004;  38: 310-313. 

3- Eder CF, Popvic MB, Popvic DB, Stefanovic A Schwirtlich 
L and Jovic S, The drawing test: Assessment of 
coordination abilities and corrolation with clinical 
measurement of spasticity, Arch Phys Med Rehabil. 2005; 
86: 289-295. 

4- Ashworth B, preliminary trial of carisporodol in multiple 
sclerosis, practiioner, 1964; 192: P. 540-542. 

5- Bohannon RW and Smith MB, Inter-rater reliability of 
modified Ashworth scale of muscle spasticity, Physical 
Therapy. 1987; 67(2). 206-207. 

6- Sloan RL, Sinclair E, Thompson J, Taylor S and Pentland 
B,  Inter-rater reliability of modified Ashworth scale for 
spasticity in hemiplegic patients, International Journal of 
Rehabilitation Research. 1992 ; 15. 158-161.  

7- Nuyens G, Weerdt Wde, Feys H, Nieuwboer A and 
Hantson L,  Inter and intra reliability of the Ahworth scale, 
Clinical Rehabilitation, 1994; 8: P.286-292. 

8- Benz E N, Hornby G, Bode PK, Scheidt RA and Schmit 
BD, A physiologically based clinical measure for spastic 
reflex in spinal cord injury. Arch Phys Med Rehabil, 2005; 
86. P.52-59. 

9- Zajicek J, Fox P. Sanders H et al, Cannabinoids for 
treatment of spasticity and other symptoms related to 
multiple sclerosis(CAMS): multicentre randomized placebo 
controlled trial. The lancet. 2003; 362: P.1517-1526. 

10- Allison SC, Abraham LD and Peterson CL,  Reliability of 
Modified Ashworth scale in the Assessment of 
plantarflexor muscle spasticity in patients with traumatic 

brain injury, International Journal of Rehabilitation 
Research; 1996; 19. 67-78. 

11- Pandyan AD, Price CI, Barnes MP and Johnson GR, A 
biomechanical investigation into the validity of the  
modified Ashworth scale as a measure of elbow spasticity, 
Clinical Rehabilitation, 2003; 17(3): P.290-293. 

12- Fleuren JFM, Voerman GE, Erren-Wolters CV, Snoek 
GJ, Rietman JS and Hermens HJ, Stop using the Ashworth 
Scale for the assessment of spasticity, J Neurol Neurosurg 
Psychiatry. 2010; 81: 46-52. 

13- Josien C. van den Noorta , Vanessa A. Scholtesb, 
Jaap Harlaara, Evaluation of clinical spasticity assessment 
in Cerebral palsy using inertial sensors, Gait and Posture. 
2009; 30(2): P. 138-143. 

14- Moore, A. P., Ade-Hall, R. A., Tudu Smith, C., 
Rosenbloom, L., Walsh, H.P.J., Mohamed, K., and 
Williamson, P. R., Two-year placebo-controlled trial of 
botulinum toxin A for leg spasticity in cerebral palsy, 
Neurology. 2008; 71: P.122-128 

15- Khalili MA and Hajihassanie A, Electrical simulation in 
combination with passive stretch has small effects on knee 
range of motion and spasticity in children with cerebral 
palsy: a randomised controlled trial, Australian J of 
Physiotherapy, 2008; 54: P. h85-9. 

16- Delgado MR, Hirtz D, Aisen M, Ashwal S, Fehlings DL, 
McLaughlin J, Morrison LA, Shrader MW, Tilton A, 
Vargus-Adams J.  Practice parameter: pharmacologic 
treatment of spasticity in children and adolescents with 
cerebral palsy (an evidence-based review): report of the 
Quality Standards Subcommittee of the American Academy 
of Neurology and the Practice Committee of the Child 
Neurology Society. Neurology. 2010;  26;74(4):336-43 

17- Haugh AB, Pandyan AD, and Johnson GR, A systematic 
review of the Tardieu Scale for the measurement of 



Iranian Rehabilitation Journal 25

spasticity, Disabil Rehabil. 2006 15;28(15):899-907.  
18- Khalili MA, Assessment in movements and functional 

rehabilitation of children, Koomesh, Persian, 2007,  8 (4): 
P. 205-210.  

19- Rekand T, Clinical assessment and management of 
spasticity: a review, Acta Neurol Scand: 2010,  122 (Suppl. 
190): 62–66. 

20- Sanger TD, Delgado MR, Gaebler-Spira D et al, 
Classification and definition of disorders causing 
hypertonia in childhood, Pediatrics. 2003; 111(1):  P.e 89-
e97. 

 




